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PLASMA  CORTICOSTEROID  LEVELS  IN  AIRCREVMEN  AFTER  LONG  FLIGHTS 


The  f J uorciceocc  a«kod  of  S*t«  for  the  oetertaiaMtoe  of  hjrd»cari*o«  tad  * 
cortico«eroael:fce  froctioo  is  blood  «u  utilized  is  sa  attestfx  to  evalaace  fljriaf  facigse 
is  • of  44  aitcrmea  pzrticipstisf  in  flying  scttTitie*  is  military  tirciVt.  Prr- 

fligbt  Tslaes  for  each  of  the  two  stctoid  traction*  agreed  arilh  those  of  Sweat  for  aor  jai 
male  rubiects.  hat  significant  increases  ta  both  fraction*  were  sored  after  flights  of 
9 to  12  boars'  dotation.  These  change*  are  sot  of  the  sac  are  .of  normal  diaraivl  variations. 


Prolonged  flights  ir  military  aircraft  result 
in  a state  of  fatigts-  which,  subjectively, 
may  be  eitreme;  yet  the  underlying  physiologic 
changes  are  unknown.  Evidence  of  adreno- 
cortical involvement  has  been  obtained  by 
.Marchbanks  (1),  who  noted  increased  urinary 
excretion  of  17-hydroxycorticosteroids  in  a 
group  of  aircrewmen  during  z 22%-hour  flight. 
The  purpose  of  the  present  study  was  to  test 
the  possibility  that  blood  corticosteroid  levels 
in  fatigued  aircrt-wmen  become  elevated. 

METHODS 

The  fluorescence  method  of  Sweat  (2)  for 
the  detection  of  hydrocortisone  and  corticos- 
teronelike  fraction  was  employed.  Pre-  and 
postflight  venous  blood  samples  were  obtained 
ftom  44  men  (members  of  9 crews)  participating 
in  training  flights  lasting  9 to  12  hours  ir. 
B-52  aircraft.  All  flights  began  in  the  morning, 
with  the  earliest  one  starting  at  0730  and  the 
latest  at  1200  hours.  Preflight  blood  samples 
were  taken  at  least  1%  hours  before  the  start 
of  the  flight,  because  this  was  the  time  at 
which  the  crews  entered  their  aircraft  to  begin 
preflight  preparations;  they  would  not  be  ac- 
cessible again  for  test  procedures  before  take- 
off. Postflight  blood  samples  were  taken  about 
30  minutes  after  the  end  of  the  flights.  All 
of  the  flights  were  rated  as  successful  and 
without  any  unusual  event.  Cabin  altitude  at 
no  time  exceeded  10,000  feet. 

RESULTS 

Mean  preflight  values  for  each  of  the  two 
steroid  fractions  (table  1)  are  in  exceller  t 
agreement  with  tho^e  obtained  by  bweat  (2, 
for  21  normal  male  subjects.  His  values  were 
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10.8  ♦ 0.6  and  4.3  t 0.5  fig.  per  100  ml.  plasma 
for  hy  Irocortisone  and  the  corticosteronelikr 
fraction,  respectively.  Mean  po.-.tflight  values 
for  each  of  the  fractions  proved  to  be  signif- 
icantly different  from  Sweat’s  values  (P  .01). 
The  mean  gain  for  each  of  the  two  fractions 
was  analyzed  statistically  and  found  to  differ 
significantly  from  zero  (P  < .01).  Only  one  of 
the  44  subjects  showed  a decrease,  and  this 
involved  hydrocortisone  only.  In  this  particular 
case,  preflight  values  for  both  fractions  were 
relatively  high  (20.8  and  7.4  fig.  for  hydro- 
cortisone and  the  corticosteronelike  fraction, 
respectively).  While  the  hydrocortisone  value 
(19*2  fig.)  after  the  flight  was  lower  than 
previously,  it  was  still  a relatively  high 
value.  The  final  corticosteronelike  fraction 
after  the  flight  (8.1  fig.)  was  also  rel- 
atively high. 

Mean  values  for  those  crew  members  who  were 
instructors  did  not  differ  from  those  who  were 
in  training;  nor  were  there  significant  dif- 
ferences between  crew  members  in  different 
categories -namely,  Aircraft  Commander,  Pilot, 
Navigator,  Electronics  Countermeasure  Operator, 
and  Gunner. 

DISCUSSION 

In  attempts  to  assess  flying  fatigue  during 
long-range  flights,  Murphy  et  al.  (3)  used  an 
older  method  *or  the  determination  of  urinary 
corticoids  and  obtained  equivocal  results. 
With  a more  sensitive  and  precise  method, 
Marchbanks  (1)  found  the  urinary  1 7-hydroxy- 
corticosteroid  values  during  an  extremely  long 
flying  mission  (22 Vi  hours)  in  B-52  aircraft 
to  be  significantly  higher  than  on  nonflying 
days.  In  the  present  study  on  B-52  crew 
members,  flight  times  were  approximately 
half  as  long  as  in  Marchbank’s  study;  still. 
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both  sets  of  results  suggest  functional  changes 
involving  corticosteroids.  While  it  would  have 
been  very  advantageous  to  have  taken  urinary 
samples  along  with  the  blood  determinations 
in  the  present  study,  operational  problem t 
prevented  us  ftom  doing  so.  Furthermore,  while 
blood  determinations  on  nonliving  days  would 
have  been  of  great  value,  scheduling  difficulties 
made  this  impractical.  Nevertheless  the  use 
of  preflight  values  established  that,  is  a group, 
these  men  had  normal  values  initially  and 
that  a significant  increase  occurred.  That 
this  increase  is  not  of  the  nature  of  a diu'nal 
variation  is  clear,  since  others  (4,  5)  have 
found  that  plasma  17-hydroxycorticosteroid  val- 
ues in  normal  persons  tend  to  decrease  through- 
out the  period  of  the  day  in  which  these 
flights  took  place.  Since  Romanoff  et  ai.  (6) 
noted  that  the  diurnal  rhythm  in  the  urinary 
excretion  of  total  17,  21-dihydroxy-20-keto- 
steroids,  tetrahydrocortisol,  and  tetrahydrocor- 
tisone  in  Air  Force  bomber  crew  members 
engaged  in  flying  activities  did  not  differ 
from  that  of  nonflying,  normal  subjects,  it 
appears  that  urinary  and  blood  indices  of 
adrenocortical  function  are  not  equall  sensitive. 

While  Sweat  (2)  stated  thjt  the  ratio  hr 
the  two  fractions  of  steroids  varies  widely 
among  individuals  and  does  not  appear  to 
conform  to  any  pattern,  the  mean  preflight 
hydroccrtisone/corticosteronelike  ratio  for  these 
subjects  was  2.40  t 0.068  and  the  postflieht 
value  was  2.42  t 0.080.  While  for  individuals, 
pre-  and  postflight  ratio  values  varied  and 
different  patterns  of  change  were  seen,  as 
a group  the  constancy  is  striking -especially 
so  because  the  method  emplo”  1 for  the  cor- 
ticosterone: ike  fraction  gives  values  which 
ate  high  as  compared  with  those  obtained  by 
Peterson’s  method  (7)  for  corticosterone. 

From  the  report  of  Brown  et  al.  (8)  tha: 

plasma  concentrations  of  free  17-hydroxycor- 
ticosteroids  are  influenced  more  by  the  rate 

of  removal  from  plasma  than  by  the  adrenal 
response  to  ACT’i  — at  least  in  patients  with 
metabolic  disorders  - it  does  not  seem  safe 
to  interpret  these  elevations  in  plasma  cor- 
ticosteroids in  fatigued  men  as  evidence  of 

adrenocortical  stimulation.  Wallace  et  al.  (9) 
reported  cases  of  patients  with  renal  disease 
who  had  elevated  blood  levels  of  corticos- 
teioids  and  low  urinary  values;  thus  under 
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certain  conditions  the  two  measures  may  fail 
to  give  the  same  indication.  We  do  nos  imply 
that  renal  or  metabolic  disorders  develej  from 
flying  activities,  but  the  above-mentioned  points 
emphasize  that  the  changes  in  plasma  steroid 
,'ractions  may  represent  changes  other  than 
those  resulting  from  ACTH  release. 

The  technical  assistance  of  F-dgai  V.  ’tilliains  is 
gratefully  acknowledged. 
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